Outcomes:
The outcome was adiposity, classified using age-specific and sex-specific BMI SD scores (continuous) and obesity cut-offs (binary). Questionnaire-based measures comprised TV time, non-TV sitting time (such as homework, drawing, time at a computer or playing video games), total sitting time (TV time+non-TV sitting time) and average daily MVPA time. Objective SB and moderate to vigorous physical activity (MVPA) time were measured using an Actigraph GT1M accelerometer, with cut-offs of 100 and 200 counts per minute for SB, and 2802 counts per minute for MVPA. Multiple logistic and multiple linear regression models examined associations between each indicator of sedentary time with obesity and BMI SD scores.
Results: TV time (but not non-TV sitting or objectivelymeasured SB) was consistently associated with higher levels of obesity and BMI SD score, even after adjusting for MVPA and other potential confounders. Weaker associations were observed for total sitting time.
INTRODUCTION
Physical activity in youth is associated with better adiposity profiles 1 2 and a higher likelihood of being active as an adult. 3 Sedentary behaviour (SB), characterised by low-energyexpenditure activities (<1.5 metabolic equivalents) in a sitting or reclining posture, such as watching television (TV) or sitting in the classroom, 4 is an emerging risk factor for cardiometabolic disease later in life [5] [6] [7] and has attracted considerable attention as a candidate risk marker in young people. [8] [9] [10] [11] SB is very pervasive among youth in Western countries. The average daily accelerometry estimated SB of those aged 5-15 years in England is 7-8 h; over 45% of boys and 47% of girls in England spend more than 2 h a day watching TV on weekdays. 12 Current public health guidelines in several countries, including the UK, 13 the USA 14 and Canada, 15 recommend a minimum of 60 min of moderateto-vigorous physical activity (MVPA) a day for school-age children and adolescents, although the corresponding recommendations for total daily SB are more generic and Prolonged SB in youth has attracted attention as a potential risk factor for obesity, although the evidence is far from conclusive. Studies that measure SB objectively using accelerometers generally find no association, [18] [19] [20] although TV viewing consistently shows direct associations with adiposity-related outcomes. 8 21 22 We have recently reported differential associations between indicators of screen time and multiple indices of adiposity in a population sample of 17 509 Portuguese children where TV time, but not computer or video gaming time, was consistently associated with the outcomes. 23 It is not clear whether the lack of association reported in the accelerometry studies is due to properties of the measuring instrument (such as accelerometers classifying standing as SB), or if it simply signifies that as long as young people engage in MVPA, prolonged SB does not influence obesity risk. Using both objective and questionnairebased SB measurement methods may provide a more complete account of the true associations of SB with obesity. To the best of our knowledge, no studies of SB and adiposity in young people have compared objective measures with questionnaire-based measures of total SB.
The aim of this study was to examine associations between SB (defined using objective and questionnairebased methods) and obesity in a large general population sample of children and adolescents aged 5-15 years living in England.
METHODS

Sample
The Health Survey for England (HSE) is a nationally representative survey of individuals living in private households in England, conducted annually. The 2008 HSE included a boost sample of children aged 2-15 years and focused on physical activity and SB. Data were collected using questionnaire-based and (for a randomly selected subsample) accelerometry. A multistage stratified sample design was used, and addresses were randomly selected within specified postcode sectors. Up to two children were randomly selected in each household. 5587 children aged 5-15 years took part in the 2008 HSE. Of these, 1516 children were included in the boost sample and asked to wear an accelerometer for 7 days, with 779 (54%) providing valid accelerometer data for at least 1 day (10 h) and the vast majority of these providing valid accelerometry data for 3 days (48%). 24 25 Of the children selected for accelerometry who did not provide data, around 15% refused to wear the accelerometer, around 2% were ineligible and a fault rendered over 20% of the data unusable (in a non-systematic manner), with the rest missing due to incomplete wear time. 24 Informed consent was obtained from the parents or guardians of the children who served as participants, and from the children themselves. More details of the sample design are available elsewhere. 26 The household-response rate was 64% for the main sample and 73% for the accelerometer subsample.
Measurements
Questionnaire-based sedentary time and physical activity Questionnaire-based SB was assessed by a parental proxy interview-administered questionnaire for children aged 5-12 years, and by interview for participants aged 13-15 years. Children (or their parents) were asked to report the average number of minutes spent watching TV or DVDs/videos, and non-TV sitting time per weekday and weekend day, outside of school time. Examples given for non-TV sitting time included homework, drawing, time at a computer or playing video games. Information was also collected on average weekday and weekend day MVPA time, including the frequency (number of days in the past 4 weeks) and duration (minutes per day) of participation in walking for any purpose and recreational exercise (eg, cycling, swimming, aerobics, dancing or racket sports).
Objective sedentary time and physical activity
The accelerometer used was the Actigraph GT1M (ActiGraph, Pensacola, USA), a uniaxial accelerometer that captures vertical movement. Participants were requested to wear the accelerometer on a belt around the waist during waking hours for seven consecutive days, apart from when showering or swimming. Some participants also removed the accelerometer when engaged in contact sports. Non-wear time was defined as 60 min or more of consecutive zero counts. A 1 min epoch was used. For objectively measured sedentary time, two different cut-points were used (less than 100 18 and less than 200 counts 20 per minute (CPM)), and for MVPA the cutpoint was 2802 or more CPM. 26 27 Data were analysed using custom analysis software (Kinesoft, V.3.3.19).
Adiposity Height (cm) and weight (kg) were measured by trained interviewers using standard protocols that have been described in detail elsewhere. 12 Body mass index (BMI) was calculated by dividing weight (kg) by height (m) squared. While BMI is an anthropometric measure and not a direct measure of adiposity (such as dual X-ray absorptiometry or percentage body fat), it has long been acknowledged as a valid indicator of adiposity in children. 28 Additionally, direct measurement of adiposity is often expensive, time-consuming and/or requires specialised equipment and highly trained technicians, which is impractical for a large population-based survey. BMI values were converted to age-specific and sex-specific SD scores (SDS), and additionally converted to an agespecific and sex-specific obesity indicator using established methodology. 23 29 Briefly, the egen function in Stata was used to convert BMI values into age-specific and sexspecific SDS based on the 1990 British Growth Reference population-based reference data. Respondents were also allocated to obese or not obese categories using agespecific and sex-specific BMI cut-offs recommended by the Childhood Obesity Working Group of the International Obesity Taskforce. 29 Demographic and contextual variables Information on participant age (years), sex, fruit and vegetable consumption ( portions per day), and head of household social class (managerial, technical and professional, skilled non-manual, skilled manual, semi-skilled manual, unskilled manual) were also collected by the survey interviewers.
Data handling
The highest two social class categories (managerial, and technical and professional) were collapsed into one category due to the absence of any obese participants in the managerial category. Questionnaire-based total sitting time was computed by summing TV time and non-TV sitting time. For questionnaire-based sedentary time and MVPA variables, average daily values were calculated using the following formula: ((weekday time×5) +(weekend day time×2))/7. All continuous variables except age and accelerometer wear time were reduced to ±3SDs of the mean to improve normality, excluding between 2.2% and 6.4% of cases, depending on the exposure. The final sample size was 705 for objectively measured sedentary time and 4469 for questionnairebased sedentary time.
Statistical analyses
The associations between each of the sedentary time exposures and BMI outcomes were examined using multiple logistic regression for the binary obesity indicator, and multiple linear regression for continuous BMI SDS. We tested for interactions between age group and sex, and each of the sedentary time exposures. As none of these interaction terms were significant, we did not stratify by age or sex. Age, sex, fruit and vegetable consumption, and social class were included as covariates in the analyses, although they were consistently insignificant in all models, due to their importance as key demographic, dietary and socioeconomic predictors of obesity in children. Area deprivation and household income were also considered as covariates, but were also consistently insignificant in all models, and in the case of household income had a high proportion of missing values. Household-level social class was considered a more superior indicator of socioeconomic status than arealevel deprivation, and as such area deprivation and household income were not included in the analyses. Model 1 was adjusted for age, sex and accelerometer wear time (for accelerometry exposures). Model 2 was additionally adjusted for head of household occupational social class and portions of fruit and vegetables per day. Model 3 was also adjusted for objectively measured or questionnaire-based MVPA, as appropriate. Non-response weights and survey design were taken into account using the complex samples module in SPSS. Residuals from multiple linear regression models were checked for normality, independence, homoscedasticity and linearity.
RESULTS
Descriptives
Obese participants were more likely to be living in households where the head of the household was in a manual occupation, spent more time watching TV and less time in MVPA (as measured by accelerometry) than participants who were not obese (table 1) . On average, obese participants spent 17 min more per day watching TV than non-obese participants ( p<0.001), and also spent more time sitting overall, but did not spend more time in non-TV sitting.
SB and obesity
Objectively measured sedentary time (100 and 200 CPM cut-offs) was not associated with obesity in any of the models (table 2) . TV time and total sitting time per day were positively associated with obesity in all models ( p<0.001), but non-TV leisure time sitting was not. After adjusting for all covariates, including questionnairebased MVPA, every 1 h increase in daily TV time was associated with a 42% increase in the risk of obesity (OR 1.42, 1.20 to 1.68).
SB and BMI
We found similar results when the associations between SB and adiposity were examined using multiple linear regression and BMI SDS as an outcome (table 3): objectively measured sedentary time and non-TV leisure time sitting were not associated with BMI, while TV time and total sitting time were positively associated with BMI in every model ( p<0.001 for TV time, p=0.004 for total sitting time). Every 1 h increase in daily TV time was associated with an increase in BMI SDS of 0.13 (0.07 to 0.18) SDs.
DISCUSSION
This study examined the associations between objectively measured and questionnaire-based SB and BMI-measured adiposity in a large population sample of children and adolescents. TV time, but not other measures of SB, was directly associated with adiposity, with a 1 h/day increase in TV viewing associated with an increase in the risk of obesity of 42%. Total questionnaire-based sitting time was associated with adiposity, but this was driven by TV time: no association was found for the other component, non-TV leisure time sitting. Other studies have also found positive associations between TV and other screen time and adiposity in children who were independent of any intensity physical activity. 9 23 Objectively measured SB was not associated with adiposity, which has also been reported previously. 8 18 30 The lack of association between non-TV sitting and the adiposity outcomes may be due to the differential measurement error. Both parental proxy reporting and questionnaire-based young people's SB are prone to recall bias and TV time may be easier to recall accurately than other types of leisure time sitting, given that it often takes place in a central, visible location in the house (living room), and is delineated into memorable 'blocks' of time (TV programmes). In contrast, non-TV leisure time sitting comprises 'everything else' and is subject to higher measurement error. However, if recall bias was the reason that a significant association with adiposity was seen for TV viewing but not other questionnaire-based sitting, one would expect to find a significant association for objectively measured SB, which is not affected by recall bias. An alternative hypothesis is that children are more likely to snack on high-calorie food and drink when watching TV than when engaged in other forms of leisure time sitting, such as using a computer, playing video games or doing homework. A recent review found that screen time and TV viewing were associated with poor diet in children and adolescents, 31 and a study of Greek children found that the association between TV viewing time and obesity became insignificant when total energy intake was accounted for. 32 Another review found that screen time ( predominantly TV viewing) was associated with increased dietary intake even in the absence of food advertising. 33 The authors suggest that this may be due to distraction (not noticing how much is being consumed, or feelings of fullness); TV viewing acting as a cue to eat energy-dense foods (resulting from habit); and impairment of memory formation (not vividly or accurately remembering how much food was eaten while watching TV, resulting in higher subsequent consumption). 33 However, most of these mechanisms can be equally applied to other forms of leisure time sitting, such as using a computer, playing video games or doing homework, which we did not find to be significantly associated with obesity. A possible explanation is that watching TV is passive and does not require any active input from the child, whereas the other forms of sitting described require the child to concentrate and use a keyboard, hold a controller or a pen, inhibiting the ability to concurrently eat or drink. Having to pause and stop typing or put down the controller/pen in order to consume food may also reduce the likelihood of distraction and impairment of memory formation leading to overeating. A recent study found a stronger association between TV time and consumption of sugary drinks than for total screen time, 34 supporting the hypothesis that higher food consumption occurs during TV viewing than other forms of leisure time sitting.
In addition to increased food consumption during TV viewing, TV viewing may also indirectly increase children's energy consumption through exposure to food and drink adverts shown between children's TV programmes, 35 with between 4% and 18% of childhood obesity in Britain thought to be attributable to TV food advertising. 36 Other forms of leisure time sitting are not subject to such exposure to food advertising.
The strengths of this study include the large, nationally representative sample, and the use of multiple indicators of objectively assessed and questionnaire-based sedentary time. The limitations include the cross-sectional design, which precludes causal inferences about the association between TV time and obesity in children. In particular, we cannot rule out the possibility of bidirectional causality, that is, obese children are more likely to watch more TV. However, other studies have found TV time to be prospectively associated with adiposity in children. 37 Another limitation is the inability of SB measured by an accelerometer to differentiate between sitting and standing, which have different health implications. It has been argued that standing should not be considered a SB, 38 although the use of accelerometers to identify time spent sedentary is widespread. However, time spent standing still may be minimal, especially in young children. The sample had a broad age range, from 5 to 15 years, with sedentary time reported by parental proxy at younger ages. If the association between SB and obesity changes over childhood, or if parental proxy and self-reported estimates of sedentary time are markedly different, failing to stratify by age would produce invalid results; however, we found no evidence of interactions between broad age group and SB in predicting obesity. CONCLUSION TV time, but not other measures of sedentary time, was associated with BMI-measured adiposity and obesity in children, after adjusting for MVPA. While a causal relationship cannot be established from this study, interventions to reduce obesity in childhood and adolescence may benefit from a focus on reducing TV time.
